Introduction
The uptake of metals and other substances in fl ora and fauna is generally in a dissolved form (Sunda and Guillard 1976) . Metals in natural water are distributed between three different fractions: particles, colloids, and a truly dissolved fraction. For example, Janssen et al. (2003) pointed out that the truly dissolved fraction and its speciation mainly determine bioavailability and thus the toxicity. Changes in environmental conditions (e.g., redox and pH) can strongly infl uence mobility and bioavailability by changing the speciation of metals (Ure and Davidson 2002) . Hence, to understand stormwater and its effects on the environment, one must know the distribution of the elements in the water. The distribution is important not only for a biological (bioaccumulation, bioconcentration, bioavailability, and toxicity) understanding, but also for the geochemical (transport, adsorption, and precipitation) cycling of the elements (Florence et al. 1992) . Metal distribution and bioavailable metals in stormwater have been investigated in very few studies, e.g., Wei and Morrison (1994) , Brown (2002) , and Björklund-Blom et al. (2002) . A Canadian study where stormwater was collected from 14 different sources showed that stormwater could have toxic concentrations, depending on storm characteristics, season, source, timing during a storm, and overall drainage design (Marsalek et al. 1999) . Kjølholt et al. (2001) showed that road runoff was toxic to algae. Lithner et al. (2003) showed that many trace elements in stormwater from Stockholm are directly bioavailable.
Stormwater quality is affected by rainfall, and in particular by the catchment where the major sources of pollutants are traffi c (vehicles emissions, corrosion, and abrasion), road material, building material, animals, street litter, and spills (Butler and Davies 2000) . Several studies over the last 30 years have shown stormwater to contain a wide range of polluting substances, such as organic substances, nutrients, trace metals, suspended material, and road salt (e.g., Sartor and Boyd 1972; Malmqvist 1983; Marsalek et al. 1997; Westerlund et al. 2003) . Most of these pollutants are attached to different size particles (Stone and Marsalek 1996; Viklander 1998) . Particles from roads and other sites are trapped in catch basins (gully pots) to protect the downstream sewer system or receiving waters as well as the sewer wall from sediment deposition. Biochemical reactions (e.g., anaerobic conditions) dominate in the catch basins during dry weather; physical processes dominate (e.g. resuspension of sediment) during wet weather (Butler et al. 1995; Morrison et al. 1995; Memon and Butler 2002a) . According to Sartor and Boyd (1972) , almost all particles greater than 246 μm are trapped in catch basins, whereas only 30% of the particles less than 43 μm are trapped. Grottker (1990) investigated catch basin sediment and showed that the highest concentrations of heavy metals were found in fractions less than 1.6 mm. However, according to Morrison et al. (1988) catch basins retain very little of the fi nest fractions, and Butler et al. (1995) stated that the metal concentration increases in the catch basin water between storm events due to the biochemical reactions during dry weather. Memon and Butler (2002b) concluded that catch basins are very ineffective in reducing dissolved pollutants.
When the grit chamber is full, the sediment and water are removed with the help of hydrodynamic pressure, and the standing water, sediment, and wash water are mixed together. The water phase of this mixture can be poured back into the catch basin, storm sewer, sanitary sewer, or surface water. This paper discusses the concentration levels and speciation of numerous metals and organic carbon (OC) in the water phase of this mixture (henceforth called catch basin mixture). Aluminum normalization was used to see if the metals could come from anthropogenic sources. This paper also investigates a wide range of metals to conduct a fi rst screening of the content of metals in catch basin mixtures. Since this is just a fi rst screening, no statistically based conclusions were drawn about the general distribution of metals in catch basins. However, this study could be of interest to owners/operators responsible for managing catch basins and government agencies responsible for protecting surface water quality to increase their knowledge of pollutants and their distribution within the water phase during the maintenance of catch basins.
Materials and Methods

Site Description and Sampling Procedure
The catch basin samples were taken during late autumn (November 2004) in Luleå, Sweden. Three sites with different traffi c loads were chosen: catch basin 1, 500 vehicles per day; catch basin 2, 13,800; and catch basin 3, 25,500. The site with 500 vehicles per day is a housing area, while the other sites are in the city centre. The housing area consists of detached houses with private garages and is located in the outskirts of Luleå. Catch basin 2 is located next to a small green strip, and catch basin 3 is located next to a sidewalk. The cleaning frequency differs between the three catch basins. Catch basin 1 has not been cleaned for about the last 25 years, catch basin 2 is cleaned about every 10 years, and catch basin 3 is cleaned about every 5 years. Every year, approximately 6,000 to 7,000 tons of antiskid material (4 to 8 mm) is used in the city of Luleå, with approximately 50% of it removed in the spring through street sweeping. More anti-skid material is used in the city centre compared with the outskirts of the city. No de-icing salts are used in Luleå. The catch basin sediment and water were collected according to the general procedure in Sweden. The catch basins were emptied with a washed sludge vehicle, using hydrodynamic pressure and a vacuum to loosen and remove the sediment and water from the catch basin. The sludge vehicle had a capacity of 390 L/min at 13,000 kPa. The standing water, sediment, and wash water were mixed during transport in the sludge vehicle. When the mixture was discharged from the sludge vehicle, pH and oxygen were measured and water samples were collected for immediate analysis. These water samples represent water that could be poured back into the catch basin or surface water. The samples were collected in acidwashed plastic bottles and analyzed for suspended solids and metals. The metals were analyzed in four different fractions: unfi ltered, dissolved (<0.2 μm), colloidal (<0.2 μm to 1 kD), and truly dissolved (<1 kD) fractions. The colloidal and truly dissolved fractions were obtained from ultrafi ltration.
Ultrafi ltration
The ultrafi ltration technique used in this paper was cross fl ow fi ltration (Fig. 1) . In a cross fl ow fi ltration process, the water sample is recirculated parallel to the fi lter membrane at a high fl ow rate, allowing particles and colloids to remain in suspension and prevent the fi lter from clogging. A hydrostatic pressure drives elements smaller than the pores of the membrane through the fi lter in the permeate container (truly dissolved fraction). Elements larger than the pores of the fi lter are concentrated in the retentate container (colloid fraction). Dahlqvist et al. (2004) further described the ultrafi ltration technique.
The samples were prefi ltered through a 0.2-μm fi lter before ultrafi ltration. The colloidal fraction ranged from 0.2 μm to 1 kD, whereas the truly dissolved fraction is smaller than 1 kD (Fig. 2) . During ultrafi ltration, all samples were fi ltered through a 1-kD Prep-Scale-TFF-6 fi lter made of regenerated cellulose with a membrane area of 0.54 m 2 . The pump used during ultrafi ltration was a peristaltic base-plate pump. The retentate volume was kept constant at 2.5 L during the fi ltration process. The fi lter was rinsed with MilliQ water and solutions of NaOH (0.1 M) and HCl (0.5 M) after every fi ltration according to a procedure described by Ingri et al. (2000) . ( 1) where F perm is the fl ow rate for the permeate (L·min -1 ) and F ret is the fl ow rate for the retentate (L·min -1 ). The CFR was 200 for catch basins 1 and 2, and 40 for catch basin 3.
During ultrafi ltration, the colloid fraction is enriched in the retentate, i.e., the retentate concentration has to be corrected to obtain the colloidal concentration in the original sample. This correction was done according to equations 2 and 3:
(2) (3) where C 0 is the original colloid concentration, C ret is the measured colloid concentration, C perm is the truly dissolved concentration, Cf is the concentration factor, V perm is the permeate volume, and V ret is the retentate volume.
Recovery
Calculating a recovery is common to verify if the different fractions are contaminated during ultrafi ltration, or if parts of the fractions remain on the fi lter. Recovery (R) is calculated according to equation 4: (4) where C ret is the colloid concentration, C perm is the truly dissolved concentration, and S is the initial concentration. If no elements are trapped in the fi lter, recovery (R) will be 1. The rinse solutions (NaOH and HCl) for the ultrafi lter were analyzed. Adding these results to the mass in the permeate and retentate solutions allowed the calculation of a new adjusted recovery (R a ) according to equations 5 and 6:
(5) (6) where C is the total mass of the elements per volume of water in the sample, M ret is the mass of the elements in the retentate, M perm is the mass of the elements in the permeate, M NaOH is the mass of the elements in the NaOH solution, M HCl is the mass of the elements in the HCl solution, and S is the initial concentration.
Laboratory Analyses
The samples were analyzed by Analytica AB. Analytica is accredited according to the international standard ISO 17025, ISO 9001:2000, SS EN 1484 and ISO/IEC Guide 25.
The standard method SS-EN 872:1996 was used for suspended solids; this standard is based on fi ltering through a glass-fi bre fi lter with a pore size of 1.6 μm. To determine the concentration of suspended solids, the fi lters were weighed before fi ltration and then dried and weighed again after fi ltration. The lower limit of determination was 2 mg/L, without the establishment of an upper Limit (SIS 1996) . The unfi ltered phases were extracted before the analyses by digestion with a 20-ml sample and 2-ml suprapur HNO 3 , which were processed in sealed Tefl on containers in a specially modifi ed microwave oven for 50 minutes at 160°C. The detection limits for the unfi ltered samples were as follows: Ca (0.2 mg/L), Fe (0.02 mg/L), K (0.4 mg/L), Mg (0.14 mg/L), Na (0.5 mg/L), S (0.2 mg/L), Al (50 μg/L), As, Ba, and Cu (1 μg/L), Cd (0.05 μg/L), Co (0.2 μg/L), Cr and Mn (0.9 μg/L), Hg (0.02 μg/L), Ni and Pb (0.6 μg/L), and Zn (4 μg/L). The dissolved fractions were fi ltered through a 0.2-μm fi lter and before the analyses of the dissolved, colloid, and truly dissolved phase as well as the NaOH and HCl solutions, 1 ml of HNO 3 was added for every 100 ml of sample. The samples were analyzed through optical emission spectrometry with inductively coupled plasma (ICP-AES) and sector fi eld mass spectrometry with inductively coupled plasma (ICP-SFMS). For mercury, atomic fl uorescence spectrometry (AFS) was used in the analysis. Ca, Fe, K, Mg, Na, S, Al, Ba, Co, Cr, Cu, Mn, Ni, and Zn in the unfi ltered samples and Ca, Fe, K, Mg, Na, S, Ba, Mn, Sr, and Zn in the dissolved, colloid, and truly dissolved samples were analyzed with ICP-AES. All remaining metals were analyzed with ICP-SFMS. Total organic carbon (TOC) was analyzed with the Shimadzu TOC-5000 high-temperature combustion instrument.
Results and Discussion
In all catch basins, the oxygen content (at slightly below 100%) and pH (7) were approximately the same.
The calculated recovery and the adjusted recovery for the catch basins are shown in Table 1 . Considering the uncertainty of the ICP analysis, most of the recovery values are close to 1 (Fig. 3) . Low recovery usually indicates that a fraction of the colloids was retained in the ultrafi lter, a result that mainly infl uences the concentration in the retentate. As shown in Table 1 , catch basin 2 has a lower recovery than the other catch basins, probably due to a lower cross fl ow rate at the end of the ultrafi ltration, caused by problems with the pump. Recovery values become sensitive to small errors when metal concentrations are low. The higher recovery values for catch basin 3 indicate some type of contamination or problem with the analysis. However, these errors only affect the colloid concentration in catch basin 3 and do not infl uence the conclusions drawn in this paper.
The concentrations of suspended solids in the catch basin mixture increased with increasing traffi c intensity ( Table 2 ). The catch basins had high concentrations of suspended solids when compared with literature values for road runoff. According to, for example, Threllfall et al. (1991) , Sansalone et al. (1998), and Westerlund et al. (2003) , the concentration of suspended solids in road runoff is approximately 20 to 2,000 mg·L -1 . However, the concentration of suspended solids in urban snow can be between 1,300 and 14,000 mg·L -1 (Viklander 1999; Reinosdotter and Viklander 2005) , which corresponds well with the catch basin mixture, since both snow packs and catch basins accumulate large quantities of solids during an extended period.
Fig. 3. Recovery values and the ICP-MS errors.
Overall, the catch basin mixture showed higher unfi ltered concentrations of both major and trace elements compared with the reference lake water ( Table  2 ). The TOC concentrations in the unfi ltered fractions were substantially higher in the catch basin mixture and increased with increasing traffi c intensity. Also, a large difference existed between concentrations in the unfi ltered water (UF) compared with the dissolved (0.2-μm fi ltered) water in the catch basin mixture for all studied metals. Furthermore, catch basin 1 had relatively higher concentrations in the colloidal and truly dissolved fractions compared with catch basins 2 and 3. Comparing the reference lake's truly dissolved fraction with the catch basin mixture's truly dissolved fractions shows that the catch basins generally had higher values. Some elements differed less than others; Mg, S, Sr, and Pb had the smallest differences in concentration (less than four times), whereas Mn, Co, and Cd had substantially higher concentrations (more than 15 times) in the catch basin mixture compared with the reference lake.
The unfi ltered Al concentration was highest in catch basin 3, but the highest dissolved (0.2-μm fi ltered) fraction was found in catch basin 1. Similarly, the dissolved (0.2-μm fi ltered) fractions for Fe, As, Cd, Co, Cr, Cu, P, Pb, Zn, and OC in catch basin 1 were much higher than in catch basins 2 and 3. For Al and Fe, more than 80% of their dissolved concentrations were in colloidal form, as opposed to Ca, K, Mg, and Na, which showed less than 10% (Ca has 15%) in the colloidal fraction. The high colloidal Al concentration in catch basin 1 was probably not caused by primary mechanically weathered minerals, i.e., detrital particles, since the total suspended solids were seven to eight times lower than in catch basins 2 and 3.
Hence, the high colloidal fractions for Al (and to some extent Fe) and other trace metals were related to the high colloidal OC concentration in catch basin 1. The truly dissolved concentrations of Cd, Cr, Cu, and Zn in catch basin 1 were much higher than corresponding values in catch basins 2 and 3, possibly due to the relatively high truly dissolved fraction for OC in catch basin 1. This fraction was most likely an important complexing agent for the trace metals.
The large difference between unfi ltered and dissolved (0.2-μm fi ltered) water in the catch basin mixture indicates that much of the high element concentrations in the unfi ltered water was caused by suspended solids. For example, Ca data in catch basin 1 shows that approximately 90% of the Ca concentration in the unfi ltered fraction was in a particulate form, whereas with the 0.2-μm fi ltered dissolved fraction, approximately 15% of the Ca was in colloidal form. Hence, to understand the composition of the unfi ltered fraction, it is important to trace the origin of the particulate fraction. Al-normalization was used to trace the sources of the particulate fraction in the unfi ltered samples. Aluminum is a major component in rock-forming minerals and its concentration in sediments and soils is usually a good indicator of detrital particles. Table 3 clearly illustrates that the normalized concentrations of Ca, K, Mg, Na, Mn, Ba, Co, and Cr in the catch basin mixture were very similar to the local bedrock, Andesite. This similarity indicates that the high concentrations of these elements in the unfi ltered samples were mainly caused by natural mineral particles used as traction control. Elements associated with the mineral fraction will also remain inert during sedimentation and early diagenesis in the sedimentary column. However, Cr is a common metal found in stormwater due to traffi c being a major source (Muschak 1990 ); therefore, it could also be from anthropogenic sources. Iron increased slightly in catch basins 1 and 2, indicating some other phase besides detrital particles. However, this enrichment was much lower than that measured in many natural particles transported in the Kalix River (Table  3) , indicating large enrichments because of secondary formed Fe-oxyhydroxides.
The trace elements As, Cu, Pb, Zn, and, to some extent, Ni were all enriched in the catch basin mixture. The ratio for As was not measured in the Andesite, though it was compared with the soil samples from the Kalix River (Table 3) . As was elevated ten times or more in all three catch basin mixtures. Average suspended solids in the Kalix River generally showed a high enrichment of As due to the sorption of As onto the suspended Feoxyhydroxides. Fe was not greatly enriched in the catch basin mixtures; therefore, the enrichment of As could not be fully explained by the presence of Fe-oxyhydroxides. Cu, Pb, and Zn (and Hg and Cd, though they were not detected in the natural samples) showed a clear normalized enrichment in the unfi ltered water from the catch basin mixture compared with all natural particles shown in Table 3 . The enrichment of these elements in the unfi ltered fractions could not be explained through detrital particles or Fe-oxyhydroxides. Table 2 clearly shows that much of the OC in the catch basin mixture was in particulate form. The enrichment of As, Cd, Cu, Hg, Pb, and Zn in the unfi ltered fraction appears to be associated with the particulate organic fraction and/or sorbed onto the mineral particles, so it probably comes from anthropogenic sources. The sources of metals are many and depend on specifi c materials, land use, and local activities within the catchment areas. Possible sources within the catchment areas for the catch basins are traffi c (e.g., tire wear, brake lining, motor oil, grease, and automobile exhaust), wear and leaching of the road, crash barriers, road signs, and atmospheric fallout.
The Swedish Environmental Protection Agency has conducted a quality criterion classifi cation according to the concentration of certain metals in lakes and watercourses (SEPA 2001) . The metals are classifi ed into fi ve different classes, with the possibilities for biological effects are found in classes 3 to 5 (Table 4) . Biological effects can be found in waters in class 3, there is an increasing risk of biological effects in class 4, and a high risk for biological effects in class 5, even at a short exposure time. According to the Swedish Environmental Protection Agency, this guideline should be compared with the unfi ltered concentrations. All compared metals had an unfi ltered concentration that exceeded the threshold value for class 5 in one or more of the catch basins (Table  5) . However, many of the dissolved metal concentrations also exceeded the guideline. The dissolved concentration of Pb in catch basin 1 was so high that it exceeded the threshold value for class 5, and the truly dissolved concentrations for Cd and Cu in catch basin 1 exceeded the threshold value for class 3. The concentrations in the catch basins were also compared with the Canadian water quality guidelines (Table 5) , which have slightly lower threshold values than the Swedish guideline (Table 4 ). The unfi ltered concentrations for all compared metals in all three catch basins exceeded the guideline, with some of the dissolved concentrations (As, Cd, Cu, Pb, and Zn) being over the threshold value, especially in catch basin 1. These guidelines are for the whole recipient, i.e., the catch basin mixture will be diluted. However, the toxicity is dependent on the sensitivity and the water chemistry (e.g., the TOC concentration and its speciation) of the recipient, though long-term exposure of the polluted water will eventually affect the recipient (e.g., De Shamphelaere et al. 2003) .
Conclusions
The catch basin mixture had higher unfi ltered concentrations of both major and trace elements compared with the lake water. Furthermore, the high OC concentration observed in the catch basin mixture, compared with lake water, most likely had an impact on the speciation of trace metals in the particulate, colloidal, and truly dissolved phases in the catch basin mixture. OC probably worked as both a sorption phase and a complexing agent. The OC concentration appeared to be related to the number of passing vehicles.
The large difference between unfi ltered and dissolved fractions (0.2-μm fi ltered) in the catch basin mixture shows that most elements were attached to particles. Catch basin 1 showed high truly dissolved concentrations for Cd, Cr, Cu, and Zn, which were probably related to the high concentration of truly dissolved OC. Aluminum normalization showed that the concentrations of Ca, K, Mg, Na, Mn, Ba, Co, and Cr could be explained by mineral particles, whereas the metals Cu, Pb, Zn, Ni, Cd, and Hg were enriched in the catch basin, so they probably came from anthropogenic sources.
However, with these high concentrations the catch basin mixture needs to be treated before it reaches a recipient. Therefore, more research regarding the distribution of metals in catch basins is needed.
